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!  Heavy quarks c, b 
!  Produced in initial hard processes 
!  Probe the strongly interacting Quark–Gluon Plasma 
!  Modified spectrum: access parton energy loss 
!  Flow: sensitive to dynamics, thermalization 

!  Semi-leptonic decays 
!  Higher branching ratio, easy to trigger on 
!  Indirect access to kinematics,  

mixture of c and b contributions 

!  Hadronic reconstruction 
!  Direct access to kinematics 
!  Large combinatorial bg., difficult to trigger 
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Heavy quarks

✓ c and b quarks are produced in initial hard scattering 

3

• Degree of medium thermalization – production and 
elliptic 4ow sensitive to dynamics of the medium

• Parton energy loss mechanism

• Cross-sections calculable 
within pQCD

• Unique probes of QGP 
properties 

★Heavy	  Quarks	  c,	  b
★produced	  in	  ini5al	  hard	  processes
★produc5on	  well	  described	  by	  pQCD	  
★excellent	  probe	  of	  the	  strongly	  
interac5ng	  Quark-‐Gluon	  Plasma	  
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kaon	  -‐	  pion	  separa5on	  be\er	  by	  TPC	  than	  by	  TOF	  
for	  track	  with	  momentum	  above	  ∼2.5	  GeV/c
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
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BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).

TABLE II. D! raw yields.
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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illustration.
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compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:
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where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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subtracting the sideband background from the right-sign distri-
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illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
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dp3 ¼ 1
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BR
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pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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events. Histograms are combinatorial background distributions
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0:147 GeV=c2).
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1
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& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
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candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
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dp3 ¼ 1
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& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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wrong-sign method was included in the systematic uncer-
tainties. Details in determining the uncertainties on the raw
D! yields including the double-counting effect will be
discussed in Sec. VA. The D! raw yields are summarized
in Table II.

To obtain the cross section, the event-selection criteria
described in the previous section were applied. The raw
distributions were further divided into pT slices to obtain
the raw D! yields in each pT bin. Figure 8 shows the D!

candidates and background distributions in different pT

bins. The bottom panel on each plot was generated by
subtracting the sideband background from the right-sign
candidates. The mean and width from Gaussian fits are
compared with MC simulation in the right panel of Fig. 6,

and it shows the obtained D! peak positions and widths
agree with the MC simulation well. From this analysis, the
total signal consisted of 364" 68 counts, and the raw yield
ratio of D!#=D!þ is 0:93" 0:37.

IV. EFFICIENCYAND TRIGGER OR VERTEX
BIAS CORRECTION

The final charmed-hadron cross section in pþ p colli-
sions is calculated as follows:

E
d3!

dp3 ¼ 1

2"
& 1

#rec
& 1

BR
& !ND

pT!pT!y
& !NSD

NMB
& ftrg;vtx; (3)

where !NSD is the total nonsingly diffractive (NSD) cross
section, which is measured at STAR to be 30:0" 2:4 mb
[30].NMB is the total number of minimum-bias events used
for the analysis. !ND is the raw charmed-hadron signal in
each pT bin within a rapidity window !y. BR is the
hadronic decay branching ratio for the channel of interest.
There are two correction factors: #rec, which is the recon-
struction efficiency including geometric acceptance, track
selection efficiency, PID efficiency, and analysis cut effi-
ciency; and ftrg;vtxðpTÞ, which is the correction factor to
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FIG. 7 (color online). Upper: Raw D! candidate signal from
the right-sign combinations in all pþ p minimum-bias
events. Histograms are combinatorial background distributions
from wrong-sign and sideband methods. Lower: Raw D0

candidates after requiring the D! candidate cut (0:144<!M<
0:147 GeV=c2).

TABLE II. D! raw yields.

pT range (GeV=c) 2–3 3–4 4–5 5–6

pT (GeV=c) 2.45 3.44 4.45 5.45
Raw yields 209" 58 98" 35 27" 11 12:3" 4:1
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FIG. 8 (color online). Raw D! signals in different pT bins.
In each plot, the bottom panel distribution is generated by
subtracting the sideband background from the right-sign distri-
bution. Variable binning is used in the bottom panel for better
illustration.
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pT	  [GeV/c] 1-‐2 2-‐3 3-‐8

VPDMB	  bias 0.70 0.65 0.63

Pion	  Spectra	  in	  VPDMB	  and	  BHT1 D0	  &	  D*	  efficiencies	  
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